Recent scientific cooperation between Italy and Brazil has opened the possibility of a significant Italian contribution to the scientific payload of the Brazilian mission MIRAX. MIRAX is a small scientific mission for X-ray astronomy, programmed for launch on 2015 on-board the Lattes satellite. The MIRAX scientific objectives include the broad-band study -inclusive of arcminute localisation -of the GRBs prompt emission, and the All Sky monitoring in the 2-50 keV energy band with a source location accuracy of a few arcmin and a daily sensitivity of 3 mCrab. The proposed configuration is composed of a coded-mask X-ray Monitor, equipped with Silicon Drift Detectors (2-50 keV), and a phoswich High Energy Spectrometer, sensitive in the 15-5000 keV energy band.
Introduction
MIRAX (Monitor e Imageador de Raios-X, X-ray Imager and Monitor) is the first Brazilian astrophysical space mission scheduled for a flight in the 2015-2016 time-frame. The mission is planned for a nearly equatorial (i ≤15
• ) low Earth (∼600 km) orbit on-board the Lattes satellite, which will carry also the geophysical mission EQUARS a , exploiting to the multi-payload platform (PMM) developed by the Instituto Nacional de Pesquisas Espaciais (INPE) b . The scientific objectives of the MIRAX mission include the measurement of photon spectrum and timing of the prompt emission of gamma ray bursts (GRBs) over a broad energy band, (∼1-2 keV-10 MeV) and the continuous monitoring of transient and variable Xray sources over the whole sky in the 2-50 keV energy band with ∼mCrab daily sensitivity.
The instrumentation proposed by the Italian collaboration (INAF/IASF Rome, INAF/IASF Bologna, University of Ferrara, INFN Trieste, Polytechnic of Milan, University of Pavia and ICRAnet), is expected to give a high scientific return both in the field of X-ray monitoring of galactic and extra-galactic compact X-ray sources, and in the GRB astrophysics, with special emphasis on wide band spectroscopy with good resolution.
The payload is composed of two independent instruments: a set of three pairs of coded-mask X-ray imagers (the X-Ray Monitor, XRM) and two modules of 4 scintillator spectrometer units (the Soft Gamma-ray Spectrometer, SGS).
The instrument design is based on the R&D activities supported in Italy by ASI, INAF and INFN and on the experience acquired from previous space experiments (e.g. BeppoSAX/PDS, BeppoSAX/GRBM and AGILE/SuperAGILE). In Table 1 the main features of the MIRAX scientific payload are summarised.
In the following, we describe the MIRAX scientific objectives (Sec. 2), and the proposed payload (Sec. 3). In Sec. 4 we discuss the MIRAX expected performance while in Sec. 5 we draw our conclusions.
Scientific objectives
The MIRAX payload proposed by the Italian collaboration has two main scientific drivers:
(1) measurements of the spectrum and timing properties of the prompt emission of GRBs over a broad energy band (from ∼1 keV to ∼10 MeV). Imaging of the Gamma Ray Bursts (GRBs) with a location accuracy (PSLA) of few arcmin; (2) monitoring a large fraction of the X-ray Sky in in the 2-50 keV energy band with a broad Field of View (FoV), a source location accuracy of few arcmin and a sensitivity of few mCrab over one day integration. 
Gamma Ray Bursts
Huge observational efforts during the last decades advanced the study of GRBs and provided a good characterisation of the temporal and spectral properties of the prompt emission in gamma rays, the discovery and localisation of their multiwavelength afterglow emission, the determination of their cosmological distance scale with the evidence of a connection with peculiar type Ib/c supernovae. Nevertheless, several important open issues have still to be addressed, from both the observational and theoretical points of view (see for instance Ref. 1). In this context, there is a general consensus about the importance of the study of the GRB prompt emission over a broad energy band, from ∼1 keV up to several MeVs. Similar wide band capabilities, together with a source location accuracy of few arcmin in a wide FoV, will allow MIRAX to address scientific goals of fundamental importance, not yet achieved by GRB experiments currently flying (e. g., Swift, Konus/Wind, Fermi/GBM, MAXI) nor future approved missions (e. g., SVOM). The most important scientific goals can be summarised as follows:
• to perform an unbiased measurement of the GRB time resolved spectral shape and its evolution down to an energy of about 1 keV. This study is crucial in order to test the models of the GRB prompt emission, that are still to be settled despite a considerable amount of observations; • to detect and study the transient X-ray absorption column and features for tens of medium and bright GRBs per year. These measurements are of paramount importance to understand the properties of the circum-burst matter (CBM) and hence the nature of the GRB progenitors, still a fundamental open issue in the field. In addition, as demonstrated by Beppo-SAX 2 , the detection of transient absorption features in the X-ray spectrum allows to determine the GRB redshift, that can be compared, when possible, with the value derived from the optical and near infrared lines; • to provide a substantial increase (with respect to past and current missions) of the detection rate of X-ray flashes, a sub-class of soft or ultrasoft events which could constitute the bulk of the GRB population and still have to be explored satisfactorily: • to extend the GRB detection up to very high redshift (z≥8), which is very important to study the evolutionary effects, the star formation rate, the InterStellar Matter evolution, and possibly unveil the population III stars; • to accurately determine the spectral peak energy, which is a fundamental quantity for the test and study of the spectrum-energy correlations and for the possible use of the GRBs as cosmological probes; • to study the erratic time variability of the light-curve down to the sub-millisecond time scale. This is a key to establish the intrinsic magneto-hydrodynamic (MHD) time scales of the GRB source; • to achieve a good detection efficiency for short/hard GRBs, whose difference with long GRBs in terms of progenitor and emission physics is a central issue in the field;
• to provide fast and accurate location of the detected GRBs to allow the prompt multi-wavelength follow-up with ground and space telescopes, thus leading to the identification of the optical counterparts and/or the host galaxies and possibly providing the redshift measure. This is needed for the scientific goals listed above, especially if compared with the redshift estimated from the X-ray absorption lines (see above).
X-ray All Sky Monitoring
The most sensitive observatories in the X-ray band have a narrow field of view (smaller than ∼1 degree) and are designed to perform studies of individual sources. However, All Sky Monitoring is important in the study of the variable X-ray Sky on both short and long timescales, as remarked by the most recent ASTRONET report 3 for the future European space missions. One of the goal of wide field instruments is to trigger Target of Opportunity (ToO) observations of narrow field observatories, in order to catch with very high sensitivity the most interesting states of the sources, often unpredictable. Indeed, often wide field telescopes have been part of the payload of many satellite X-ray missions (e. g. RXTE, BeppoSAX, INTEGRAL, Swift, AGILE, Suzaku) and are also planned in future missions. Independently on the service task of the ToO triggering, the long-term and continuous monitoring of transient and variable X-ray sources allows the study of source and class properties that are not easily accessible, or even inaccessible, to specific and short observations, although more sensitive. Examples include the discovery of new Galactic transient sources, the discovery and long-term evolution studies of orbital, superorbital and spin periodicities, period derivatives and QuasiPeriodic Oscillations (QPOs), the detection of intensity and spectral state changes in Black Hole Candidates, the multi frequency correlation between timing, spectral and intensity parameters, the discovery and monitoring of bursting behaviour (for X-ray bursters, Soft Gamma-ray Repeaters, Anomalous X-ray Pulsars) and finally to perform complete all-sky surveys. In addition to the Galactic sources, al-sky monitoring is also important for AGN studies, as shown for example by the recent Swift/BAT survey 4 .
It is important to remark here the fundamental difference between sampling and continuous monitoring of the Sky. The former strategy is much less demanding in terms of instrumental resource, both hardware and mission operation, but is less efficient in order to observe the sources evolution. Especially when the target sources are transient and variable on short timescales, the difference between short and sparse observations versus continuous monitoring may be crucial.
Summarising, our scientific objectives for all-sky monitoring includes the detection and localisation, with accuracy of a few arcmin, of Soft Gamma-ray Repeaters and other classes of galactic X-ray transients (e. g. outburst states of Low Mass X-ray Binaries and High Mass X-ray Binaries, Cataclysmic Variables, accreting millisecond pulsars) for spectral and timing studies and to trigger follow-up observations by ground and space observatories. This is a fundamental service for the world-wide community, given the expected demise of RXTE/ASM in the future years.
The MIRAX Payload
The instrumental approach to achieve the science goals reported in Sec. 2 is to use two different detectors for the low and high part of MIRAX energy band. The lower energy band (about 2-50 keV) is covered with Silicon Drift detectors, whereas inorganic scintillators in PHOSphor sandWHICH configuration is used for the high energy portion of the spectrum (15-10000 keV). Given the fact that the Lattes satellite hosts also the EQUARS payload, which is devoted to the observation of the Earth, the MIRAX instrumentation will be zenith pointing, thus drifting continuously and covering 360
• in each orbit. Such a pointing strategy allows to observe the entire sky in an orbit if the field of view of the MIRAX telescopes is large enough in the direction orthogonal to the direction of motion of the spacecraft, while smaller in the other direction, being covered through the satellite motion. This goal is achieved by adopting the configuration shown in Fig.1 , with three pairs of pseudo 2-dimensional coded mask imagers (the XRM) and two modules of phoswich detectors (the SGS). In addition, a small CZT coded mask camera (not shown in Fig.1 ) was proposed by INPE, the Harvard Smithsonian Center for Astrophysic (CFA) and the University of California, San Diego (UCSD) to monitor a 58
• ×26
• FoV around the zenith direction in the 10-200 keV energy band 5 .
The X-ray Monitor
For the XRM experiment we envisage a set of three pairs of coded-mask X-ray cameras, each one with asymmetric 2D position capability. Each X-ray camera will • in each pair of cameras, in order to guarantee an overall 2D arcmin-localisation capability by intersecting the information gathered from the two units. Both X-ray cameras will have also the capability to coarsely identify the second coordinate of sources, with an angular resolution in the range of a few degrees. This will help in improving the signal-to-noise ratio for the individual detection and to decrease the confusion limit. The X-ray cameras will cover the nominal energy range 2-50 keV. In Fig. 2 (left) we show a pictorial view of the X-ray cameras and coded masks. With the aim of covering the largest portion of the sky, in the preliminary configuration of the ASM units the 3 pairs of detector are misaligned by 60
• to each other in the direction orthogonal to the spacecraft motion. In this set-up the total FCFoV approaches 2.5 steradian at any time, while the PCFoV extends to approximately 6 steradian, with the central unit adding partially coded area to some of the directions covered in full coding by the other units. With this configuration, considering the continuous variation of the spacecraft attitude direction, a single source at the zenith will "move" with a speed of ∼4 • /minute, which translates in a transit time across the FCFoV of approximately 700 s (a value chosen to include the full duration of a GRB). The 1-orbit sky coverage provided by the three XRM cameras, with superimposed the RossiXTE/ASM source catalog, is shown in Fig. 3 . 
The Soft Gamma-ray Spectrometer
The SGS will be in charge of providing detection trigger and spectral information for GRBs in the nominal energy range 15 keV -10 MeV. It will be composed by 8 units each one being an independent detector in which the active part is made of scintillating material with PMT readout and electronics. This will allow for an efficient read-out and improve the particle background rejection. The baseline design includes two sets of 4 units each, passively collimated to reduce the background and slightly misaligned (∼20 • ) in order to optimise the response to the same field of view as the X-ray imagers (Fig. 1) . The individual detectors (Fig. 2 right) will be made of NaI and CsI scintillating crystals, optically coupled in phoswich configuration and read-out by a single photomultiplier, using the pulse shape information to discriminate the signal . This technique, exploits the different time constant of two optically coupled scintillators, allowing to discriminate between photons releasing their full energy in the top scintillator and those releasing energy in both detectors. It was successfully adopted for the PDS instrument on-board BeppoSAX 8 , providing excellent and still unique results, and will allow a reduction of the background by a factor of ∼10 up to ∼200 keV with respect to the use of a single crystal device (e.g., BATSE, Fermi/GBM). The dimension of each crystal will be: geometrical area ∼14×14 cm 2 (12×12 cm 2 active area) and thickness 4 cm (1 cm NaI + 3 cm CsI).
Each of the 2 collimators will be made of Pb (0.3 cm thick), with a total height of 10 cm (4 cm from the bottom to the top of the crystals plus 6 cm above them).
Expected performance
In Fig.4 (left panel) we show the effective area of both XRM and SGS, for an on-axis direction; in Fig.4 (right panel) we plot the expected sensitivity to GRBs expressed, following Ref. 9 , in terms of minimum detectable 1s photon peak flux in 1-1000 keV as a function of spectral peak energy. As an example of simulation of the MIRAX/XRM+SGS capabilities, Fig. 5 shows the transient absorption edge at 3.8 keV detected with BeppoSAX/WFC from GRB990705 2 as it would be detected with MIRAX. The superior spectral capability of MIRAX is outstanding: the same line observed with WFC at a significance level of about 5σ is expected to be detected with MIRAX at a significance level of 50σ. This means that with MIRAX we are sensitive to detect transient absorption lines about one order of magnitude weaker.
Conclusions
The instrumentation of the small scientific mission for X-ray astronomy MIRAX may host a significant Italian contribution, as an outcome of the recent scientific cooperation between Italy and Brazil. The mission, devoted to the study of GRBs and transient X-ray sources is planned for a launch on 2015-2016 on-board the Lattes satellite, which will host also the EQUARS atmospheric science mission. Lattes will "fly" over the Earth, always exposing the same orientation to the Nadir and Zenith directions. This strategy will allow MIRAX to always look at the open sky, enabling the instruments composing the payload to scan almost the full sky, avoiding the Earth blockage. We propose a scientific payload, composed by a Xray monitor and a Soft Gamma-ray Spectrometer, with the scientific objectives of performing spectral and timing measurements of the prompt emission of gamma ray bursts over a broad (∼1 keV-10 MeV) energy band with location accuracy of a few arcmin and to continuously monitor transient X-ray sources in 2-50 keV with few arcmin PSLA, few mCrab daily sensitivity and good spectral resolution. These characteristics will allow MIRAX to address scientific goals of fundamental importance for Astrophysics.
